Oral hairy leukoplakia (OHL) is a lesion frequently, although not exclusively, observed in patients infected by human immunodeficiency viruses (HIV). OHL is clinically characterized by bilateral, often elevated, white patches of the lateral borders and dorsum of the tongue. Histologically, there is profound acanthosis, sometimes with koilocytic changes, and a lack of a notable inflammatory infiltrate. The koilocytic changes are due to intense replication of Epstein-Barr virus (EBV), while epithelial hyperplasia and acanthosis are likely to result from the combined action of the EBVencoded proteins, latent membrane protein-1, and antiapoptotic BHRF1. How OHL is initiated and whether it develops after EBV reactivation from latency or superinfection remain unresolved; nevertheless, definitive diagnosis requires the demonstration of EBV replicating vegetatively in histological or cytological specimens. In patients with HIV infection, the development of OHL may herald severe HIV disease and the rapid onset of AIDS, but despite its title, OHL is not regarded as premalignant and is unlikely to give rise to oral squamous cell carcinoma.
Oral hairy leukoplakia (OHL) is one of the many new disease tongue [3] . Less developed lesions can be detected as barely discernible white areas on the posterolateral lingual borders entities brought to light by the epidemic of HIV infection. Although innocuous, it is an early clinical marker of HIV infec-(figure 2). OHL may also occur (albeit more rarely) on the buccal mucosa, floor of the mouth, soft palate, and oropharyntion and is associated with poor prognosis and increased severity of HIV disease. OHL is not exclusive to patients with HIV geal mucosa [1, 2, 5, 6] . OHL is hence regarded as primarily an oral mucosal lesion infection; it is also observed, albeit much more rarely, in other patients, mainly those with immunosuppression. OHL is the [7] . Although usually asymptomatic [8] , it may induce soreness [1] or a burning sensation [9, 10] . Furthermore, the unsightly only biological entity in which Epstein-Barr virus (EBV) replicates floridly in vivo. Although the relationship between EBV appearance can be a source of concern [4] . The clinical features of OHL are summarized in table 1. infection and the development of OHL remains undefined, the results of recent studies provide insight into the intriguing virus-host relationship that underlies OHL.
Histological Features
Epithelial hyperplasia with hyperparakeratosis and acanthoClinical Features sis are consistent features of OHL [2, 3] . The thickened surface layer may separate from the underlying cells, giving rise to Typically, OHL manifests as unilateral or bilateral, adherent, white or gray patches on the lingual lateral margins and, to a projections that produce the characteristic folds or ''hairs'' [4] . Varying numbers of swollen, ballooned cells with pyknotic lesser extent, the dorsum or ventrum of the tongue [1 -4] . The surface of the patches is usually irregular, forming prominent nuclei and perinuclear halos are usually present in the prickle cell layer and occasionally in the suprabasal cell layer [1, 3] . folds or projections (sometimes so marked as to resemble ''hairs'') but more commonly giving rise to a corrugated or These koilocytes superficially resemble those of human papillomavirus (HPV) infection. However, although the nuclei of shaggy appearance (figure 1), hence its name [4] . Occasionally, the lesion can be flat, particularly at the ventral surface of the HPV-infected ballooned cells are enlarged and hyperchromatic and the perinucleolar cytoplasmic halo is clear, the nuclei of ballooned cells of OHL are small and pale, and the cytoplasm adopts a glassy appearance [11] .
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In patients with OHL the vacuolated keratinocytes demon- [3, 13, 15] , OHL does not resolve with aggressive antifungal therapy, even when there is fungal clearance [1] . Although an etiologic link between candidal infection and OHL is unlikely, there is some evidence for the potentiating role of candidal coinfection [16] . An etiologic association with HPV was initially suggested [1] . However, this association has not corrugated white patches on the lateral borders of the tongue.
been confirmed by detailed studies using electron microscopy [5, 15] , immunostaining, and DNA hybridization [5] .
The frequent appearance of OHL in HIV-infected patients, eosinophilic central Cowdry type A appearance with a halo; a more commonly than in other patients who are immunosuphomogeneous eosinophilic or basophilic appearance with marpressed, points to HIV playing some role in its induction. Nevginal chromatin clumping; and an inclusion-type morphology ertheless, studies have failed to demonstrate the HIV genome in in which the nuclei appear steel gray or like ground glass and OHL lesions [5] . More recently, however, HIV complementary the chromatin is marginated and clumped [12] .
DNA was described in superficial squamous cells of OHL [17] Candidal hyphae and leukocytes surrounding the hyphae are and oral epithelial cells of HIV-infected patients [18] ; the sigvery frequently observed in OHL lesions [3, 8, 13] . Bacterial nificance of these findings is unknown. colonies are commonly present in the parakeratotic areas [3, Evidence for an intimate relationship between EBV infection 8]. There is a striking paucity or absence of Langerhans cells and OHL comes from many sources. EBV antigens associated in OHL lesions [5, 14] , and the inflammatory cell infiltrate in with the replicative cycle (the viral capsid antigen and memthe lamina propria is sparse [3] . The histological features of brane antigen complexes) have been demonstrated in tissue OHL are summarized in table 2. sections by immunohistochemical analysis [8, 17] , and EBV DNA has been demonstrated by Southern blotting and in situ hybridization (ISH) [5, 13, 17, 19] . Intracellular herpes virus Pathogenesis particles have been observed by thin-section and negative stainAlthough candidal hyphae are found abundantly in OHL ing electron microscopy [1, 5, 15, 20] . Further, transcripts exlesions and Candida can be isolated from 43% to 80% of the pressed from the EBV BHLF1 and BCRF1 genes, which in cultured lymphoid cells are associated with the lytic replication cycle, have also been demonstrated [21] . In addition, experiments have shown that acanthosis and hyperplasia associated with OHL are directly related to the combined action of EBV-encoded proteins. Transgenic mice expressing the EBV BNLF-1 gene product, latent membrane protein-1, develop lingual epithelial hyperplasia associated / 9c40$$de12
11-07-97 11:18:34 cida UC: CID with expression of hyperproliferative keratin 6 [22] . BHRF1, these lesions strikingly contrasts with the site specificity of OHL and suggests that the rhesus EBV -induced lesions arose an immediate early protein bearing homology to the antiapoptotic Bcl-2 oncogene, is also expressed in OHL tissues [23] ;
from either viral activation following immunosuppression or hematogenous spread. when this protein is transfected to a squamous cell carcinoma line, it induces delay of terminal differentiation [24] . Thus, in Extensive molecular studies have demonstrated the multiplicity of EBV variants in OHL [34, 35] . Both genotypes, EBV OHL, EBV has developed an effective strategy of permitting host cells to support very intense viral replication without themtypes 1 and 2, may be present within a single lesion, and the infecting types may change with acquisition or loss of a type selves undergoing lysis.
How EBV infection initiates OHL has not been resolved.
[35]. Deletions and intertypic and interstrain recombinations also occur. Whether these newly created strains lead to or are Since the distribution of the staining intensity of EBV DNA resembles that of HPV in the cervical epithelium, it was initially consequential to OHL is unclear. The discovery of one particular defective strain in OHL lesions (WZhet), which results from thought that OHL arises from activation of EBV that has remained latent in the basal epidermal layer. Immunohistologic a juxtaposition of the BamHI W and Z fragments of the EBV genome, may play a role in the initiation of viral replication studies have demonstrated that antigens associated both with viral replication and latency are indeed expressed in a differen-
[34]; however, this strain has been demonstrated in non-OHL oral lesions as well [21] . tiation-associated pattern, with staining being more intense toward the more superficial epidermal layers [25] . However, these antigens, and EBV DNA detected by ISH, are not obClinical Significance served in the basal layers [26] . Taken together, the findings are consistent with the theory that OHL results from superficial OHL can present in immunocompetent individuals [36] , iminfection of cells in the spinous layer rather than activation of munocompromised individuals without HIV infection [11] , and latent virus. Saliva is a rich source of virus that could act as HIV-positive patients [1, 5] . The presence of OHL in HIVthe transmission vehicle [27] .
infected individuals can still be used as a convenient clinical Furthermore, a number of immunohistologic studies atmarker of the severity of HIV disease [37] , particularly when tempting to localize the EBV epithelial receptor with use of access to laboratory measures of severity is restricted. OHL is the monoclonal antibody HB5 have failed to demonstrate the also associated with the subsequent development of AIDS [38] . receptor in basal cells of the oral mucosa; rather, it is expressed However, positivity for EBV DNA in the oral epithelium, rather in a differentiation-dependent manner from the midspinous than clinically overt OHL, may be an earlier and more sensitive layer [28] . The additional observation that EBV-encoded predictor of progression to AIDS [39] . No cases of malignant RNAs, which are very sensitive markers of latent infection, transformation in patients with preexisting OHL have been are absent in OHL [29] also supports the notion that reactivareported [4] , although mild cellular atypia has been described tion does not play a part and agrees with the findings of other as slight disorganization of the basal cell and suprabasal prickle studies that implicate the B cell as the predominant, if not cell layers, hyperchromatism, pleomorphism of basal cells, and exclusive, reservoir of latent EBV [30] . a small increase in mitotic frequency [1] . Nevertheless, other data support the activation-from-latency model. Becker et al. [31] demonstrated BZLF-1 (also called Diagnosis ZEBRA), an immediate early protein associated with lytic replication [32] , in the cytoplasm of basal epithelial cells in both Features of the differential diagnosis of OHL are listed in HIV-infected patients and healthy carriers of EBV. Brandwein table 3. Since OHL almost always occurs in the context of et al. [17] showed that EBNA-2, latent membrane protein-1, immunosuppression, it is mandatory for the clinician, upon and BZLF-1 can be found in basal and parabasal lingual cells.
detection of an OHL-like lesion, to evaluate the immune status It is significant that the same investigators demonstrated the basal location of EBV DNA by in situ PCR analysis but not by conventional ISH, thus suggesting that it is the relative accounted for the absence of basal EBV DNA [17] . Immunosuppression is a precondition for the development of make important contributions to the diagnosis. This approach OHL. HIV infection dramatically enhances the risk of its apis a useful alternative to incisional biopsy, for which there are pearance, but why this is so remains puzzling. The molecular often contraindications (e.g., patients with bleeding disorders, pathogenesis of OHL in relation to active EBV infection is children, or severely debilitated patients) [42] . The observation much better understood. From the clinical standpoint, OHL is of nuclear beading in the vacuolated or ballooned squames rarely symptomatic and has no malignant potential; thus, its provides presumptive evidence for EBV replication [42] . More significance lies in establishing the underlying cause of immudefinitive procedures include ISH [43] or ultrastructural examinosuppression. nation for herpesviruses [20, 44] (table 4) . However, it should be mentioned that in clinical practice, the need to definitely 
